Summary. The motility of hamster epididymal spermatozoa has been studied in modified Tyrode's solution; a high level of motility was maintained when bovine serum albumin, used in previous studies, was replaced by polyvinyl pyrrolidone, and when no macromolecule was included. In these culture media, it was found that sperm motility and survival were considerably enhanced if the osmotic pressure was lowered by 20% from the usual level of 290 mosmol. The reduced osmotic pressure caused leakage of a motility-stimulating substance from spermatozoa; the need to lower the osmotic pressure for optimum sperm motility could be eliminated by adding an extract of spermatozoa to the culture medium. With this culture system, spermatozoa could be maintained in a high state of motility for several hours, and the`s perm dilution effect' was substantially reduced.
INTRODUCTION
It was previously reported that epididymal spermatozoa from the golden hamster can be capacitated by incubating them in a culture medium (Bavister, 1971 (Bavister, , 1973 . This study of the behaviour of hamster spermatozoa in culture media was restricted by the practical difficulties involved in finding conditions suitable for maintaining vigorous sperm motility for long enough to enable capacitation to occur (3¿ to 5 hr). The main problem was that of sperm concen¬ tration: at concentrations of approximately 108/ml, the quality of motility often deteriorated considerably within a few hours, perhaps due to an accumu¬ lation of metabolites. The performance of spermatozoa was not improved by lowering the sperm concentration, for hamster spermatozoa show the 'sperm dilution effect' (discussed by Mann, 1964 ) to a remarkable extent. A compromise was reached by incorporating the cauda epididymidis itself in the sperm suspension, which considerably extended the length of time for which sperma¬ tozoa showed vigorous motility, and by incubating sperm suspensions at 25 to 30°C rather than 37°C. The culture medium used for this work was a modified Tyrode's solution containing sodium pyruvate and bovine serum albumin (BSA) .
The present study was undertaken in order to improve the culture environ- (Bavister, 1971) . In a preliminary investigation, it was found that hamster spermatozoa remained motile substantially longer when the osmotic pressure of the medium was reduced by 20 %. Accordingly, the first part of the present work is concerned with the effect of osmotic pressure on sperm motility, and with the substitution of BSA by a synthetic polymer, polyvinyl pyrrolidone (PVP).
MATERIALS AND METHODS

Culture media
The basic culture medium used in this study was Tyrode's solution supple¬ mented as follows: Tyrode's solution, 100 ml; sodium pyruvate, 1 ml of a 20 mM solution; sodium penicillin G, 10,000 i.u.; sodium bicarbonate, 4-5 ml of 1-4% solution. All In order to obtain a useful index of sperm motility, the proportion of sperma¬ tozoa in each drop showing motility (0 to 80%) was multiplied by the square of the value for degree of motility (since the latter parameter was regarded as being more significant for capacitation studies).
While subjective methods of assessing sperm motility are not ideal, they are preferable, in my experience, to methods involving transfer of aliquots of sperm suspensions to a microscope slide for more objective measurement, since this simple procedure often results in a considerable decrease in motility, especially after spermatozoa have been incubated for some hours in culture media. The error inherent in the subjective scoring method used here was reduced by assigning randomized numbers to the treatments in the evening when setting up the experiment, so that the drops of different culture media could not be distinguished next day when they were inseminated.
Preparation of sperm extracts and testing
Hamster epididymal contents were collected as previously described, allowing (Pedersen, 1972 In the present case, however, spermatozoa were not treated with glycerine before freezing, and it is likely that the extracts contained material from other regions of the spermatozoa as well as from the acrosomes.
Sperm extracts were prepared in this way on three separate occasions, and tested for their ability to maintain the motility of hamster epididymal sperma¬ tozoa at 290 mosmol in a defined culture medium (basic medium+1% PVP). Each of the extracts was diluted 1:9 in the culture medium, and 100-µ1 drops were prepared and equilibrated overnight under oil with 5% C02 in air. Drops of defined culture medium alone were included as controls. Next day, the drops were inseminated as before with fresh epididymal spermatozoa. Sperma¬ tozoa from four hamsters were tested for motility in this way.
RESULTS
When hamster epididymal spermatozoa were incubated in culture media at 290 mosmol, the index of motility declined steadily with time (Text- fig. 1 A similar effect of the sperm extracts was seen with 2x 106 spermatozoa/ml, the peak of the motility index being reached at 4 hr (Text- fig. 2b ). At the lowest sperm concentration tested (4xl05 spermatozoa/ml), there was still considerable enhancement of motility by sperm extracts (Text-fig. 2c ).
The frequency of scoring Grade 5 motility in spermatozoa incubated at 107/ml with sperm extracts is recorded in fig. 1 ), in view of its supposed protective effect on cells, especially sperma¬ tozoa, in culture (discussed by Mann, 1964) . Although the epididymal fluid contained in these sperm suspensions is present in very small amounts, it may have exerted some protective action on the spermatozoa. The improvement in motility in the presence of BSA (Text- fig. 1 ) was statistically significant, but rather small, while the inclusion of BSA in the culture medium prolonged the period during which the highest level of sperm motility was seen ( Emmens & Swyer (1948) . They found this activity in cell-free supernatants of rabbit semen, and the most effective samples were those obtained from suspen¬ sions of spermatozoa that had been left overnight before centrifuging, indicating that the active agent originated within the spermatozoa themselves. It seems likely that the agent discovered by Emmens & Swyer is similar to that described in the present work, which also substantially reduces the dilution effect.
The type of motility frequently exhibited by spermatozoa incubated at 230 mosmol (Table 1) , or 290 mosmol in the presence of sperm extract (Table 2) , namely, a flagellar wave-form of very high amplitude (Grade 5 motility), is remarkably similar to that described by Yanagimachi (1970b) (Yanagimachi, 1969a) , with various blood sera or with heterologous follicular fluid (Yanagimachi, 1969b (Yanagimachi, , 1970a . Grade 5 motility was obtained consistently with sperm extracts 1 and 2, but not with extract 3; this discrepancy suggests that the conditions for extracting the motility-stimu¬ lating substance from spermatozoa have not been sufficiently elucidated. Barros, Berrios & Herrera (1973) have obtained similar motility of guinea-pig spermatozoa by incubating them in a defined culture medium devoid of macro¬ molecules. Spermatozoa treated in this way were able to penetrate zona-free hamster eggs, whereas untreated spermatozoa were not. Yanagimachi (1972) has also noted this type of motility in guinea-pig spermatozoa during incuba¬ tion in culture medium.
It is clear that expression of the type of motility described above in hamster and in guinea-pig spermatozoa is linked with the achievement of capacitation ; the present work, and that of Barros et al. (1973) , show that BSA is not essential for attainment of such motility in these species. Moreover, in the experiments of Barros et al. (1973) , guinea-pig spermatozoa were apparently capacitated in the absence of BSA. It seems unlikely therefore that BSA plays a direct rôle in capacitation in vitro.
Experiments are now in progress to discover ifhamster spermatozoa incubated with sperm extracts undergo capacitation, and to ascertain the nature of the motility-stimulating activity contained in these extracts, and whether it is related to that in blood sera and follicular fluid.
